Objectives-To examine if car painters who work with polyurethane paints that contain hexamethylenediisocyanate (HDI) and hexamethylenediisocyanate biuret trimer (HDI-BT) develop acute as well as chronic impairment of lung function.
Methods-In this study data were reanalysed from two earlier studies on a group of car painters to see if a decrease in lung function within the week is a marker of vulnerability in those workers.
Data on changes in forced vital capacity (FVC) and forced expiratory volume in one second (FEV1) within the week were available for 20 car painters who were also examined six years later. Results-10 men showed a decline in FVC within the week. There were no significant differences in age, duration of employment, exposures during the follow up period, or smoking between car painters who had decline in lung function within the week and car painters who had not. A significant correlation was found between the change in FVC within the week and the long term (six year) change in FVC, standardised for the effects of aging and smoking, and adjusted for the number of peak exposures. Conclusions-The results suggest that the decrease in FVC within the week might serve as a guide to identify car painters at risk of a further decrement in lung function above the effects of aging, smoking, and exposure. ( smokers. There were no significant differences in age, height, smoking habits, and symptom score between this group and the entire group studied in 1978 or 1984. EXPOSURE 
CONDITIONS
An industrial hygienist, blinded to the medical condition of the workers, performed individual assessments of exposure to HDI and HDI-BT during 1978-84. All car painters were interviewed about their working routines and use of respirators. Hygienic standards were studied and exposure measurements were carried out at representative shops. A total of 81 measurements were performed for three different worktasks and in 25 different spray painting chambers, classified according to the number of air changes/hour. To find situations when peak exposure occurred-that is, concentrations > 2-0 mg/mi HDI-BT for at least 30 seconds-exposure measurements with a sampling time of < 3 minutes were carried out. Peak exposure to HDI-BT occurred when, without respiratory protection of any kind, the subject was cleaning a spray gun or stayed within the spraying chamber for more than 20 The absolute values obtained at the first and the second study were used in the formula. Appropriate transformations were applied to those variables found to have a distribution that diverged from normality. As the aim of this study was to evaluate if subjects who had a decrease in lung function within the week are vulnerable, the changes in FVC and FEVI within the week were dichotomised. A change < 0%, signifying a decrease, was scored 1- that is, an effect was indicated. A change > 0% (no decrease) was scored 0-that is, no effect was indicated. Stated P values involved two tailed analysis; differences were considered to be significant at P < 0 05.
Results
The mean (SEM) changes in FVC and FEV, during a shift in 1978, were -0-6 (2-6) and -3-6 (4-1)% respectively. Age, duration of employment, yearly number of peak exposures to HDI-BT, and distribution of smoking habits did not differ significantly between the 10 car painters who showed a decrease in FVC and those who did not (table 1) . There were no significant differences between the two groups in the distributions of acute or chronic respiratory symptoms in 1978 or in 1984 (table 2) . A similar lack of difference was found for the 10 car painters who had and 10 who had no change in FEV, within the week. The changes in FVC and FEV, within the week were also well correlated (r2 = 56%, P = 0-009). The mean values of the changes for FVC and FEV, within the week for never smokers were 4-0 (6 9) and 5-8 (9 2)% respectively, compared with the corresponding values of -0-5 (3-5) and -5-7 (5 2)% for the 10 car painters who were current smokers in both studies (P > 0 2). The decline in FVC was significantly greater in current smokers (-5 9 (2 7)) than in never smokers (4 4 (3-3)). Current smokers had on average a higher yearly number of peak exposures to HDI-BT than did never smokers (2928 (454) v 762 (367), P < 0 05).
Car painters in the initial study who showed a decrease of FVC within the week in Dahlqvist, Tornling, Plato, Ulfvarson (table 3) . There was a significant correlation between the change in FVC within the week in the first study and the decline in FVC during the six year follow up (r2 = 47%, P = 0 005). The six year decline in FVC was still correlated with the yearly number of peak exposures to HDI-BT, after adjustment for the effects of changes in FVC within the week (r2 = 32%, P = 0 009) and also to the change in FVC within the week adjusted for the effects of yearly number of peak exposures to HDI-BT (r2 = 32%, P = 0-009, figure) .
Car painters who showed a change in FEV1 within the week in 1978 had a tendency to a greater six year decline in FVC (P = 0-08, table 3). There were no significant correlations either between the change in FVC during a shift and the long term decline in FEVy or the change in FEVy within the week and the long term decline in FVC and FEV1. The decline in FVC was not significantly correlated with the mean exposure to HDI or HDI-BT estimated during the entire follow up. Discussion A significant correlation was found between the changes within the week and the six year decline in FVC standardized for age and smoking, adjusted for the effects of yearly number of peak exposures to HDI-BT in car painters (figure). The distributions of respiratory symptoms were similar in those car painters who showed a decrease in FVC during a working week and those who did not ( On the other hand there was a correlation between the decline in FVC and yearly number of peak exposures to HDI-BT also after adjustment for the effects of the change in FVC within the week. The number of peak exposures was related to each car painter's working routine and the use of protective equipment during short working operations. 7 It is noteworthy that the current smokers on average had a significantly higher yearly number of peak exposures and also a greater decline in PVC than did the never smokers. This may indicate that car painters who smoke are less likely to use respiratory protection in highly exposed situations and therefore show a greater decline in lung function. The unadjusted decline in FVC for men who were ex-smokers and current smokers at both occasions were 72, and 91 ml/year, respectively. This is about twofold higher than the decline found in a population study standardized for the effects of aging and smoking. 'I Although it may be questionable to standardize long term effects on lung function without quantification of smoking, the findings in our study may indicate additional harmful effects of yearly number of peak exposures to HDI-BT in smokers.
The main finding in this study is a correlation between the changes in FVC within the week and long term changes in PVC, after adjustment for the effects of yearly number of -3u peak exposures to HDI-BT. If the long term exposure was representative of the exposure over the week, the observed correlation between short term and long term deterioration in lung function could be explained by differences in exposure. This could be the case in a population with specialised work or workers from different workplaces with very different exposure conditions. It cannot be entirely excluded that the average long term exposure is representative of the exposure during one week. We think, however, that the exposures vary too much in the long term for us to obtain the results observed. Another explanation could be that smoking is a confounder related to both short and long term impairment of lung function and also to HDI exposure due to less use of protective equipment by smokers. We find it probable, however, that those workers who show an acute decrease in lung function over a week are more vulnerable than other workers, and that repeated exposures in these workers will result in a long term chronic decrease in their lung function.
